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Abstract At the Laboratory of Plant Breeding of Wageningen University, a large
amount of pedigree data on current and historic potato cultivars and progenitors has
been collected over many years. The sources and reasons for collection of these data
are discussed. To allow others to use this data set for their own purposes, we have
created a Web-accessible interface that allows querying of these data, e.g., for the
ancestry of a cultivar of interest. This Web interface was recently extended and
improved to allow users to create reports and dynamically created pedigree-tree
images. Availability of this resource and the options provided by the new Web
interface are presented.
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Abbreviations
CoC coefficient of coancestry
LD linkage disequilibrium
PHP PHP hypertext preprocessor
PVY Potato virus Y
Introduction
Pedigree information has always been a useful source of information for breeders. To
avoid the pitfalls of a narrow genetic base, pedigree information has historically been
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used to assess relatedness and to select promising parental combinations. The
increasing amount of information that has become available on individual plant
genotypes through the advent of genomics has reduced the attention given to
pedigree data, but pedigree data remain an important and relevant source.
Contemporary approaches identifying genetic factors underlying (quantitative)
traits in (presumed) unrelated germplasm, such as linkage disequilibrium (LD) or
association mapping (Rafalski 2002; Gaut and Long 2003), have shown that the
power of these analyses can be improved if we are able to include relatedness
between genotypes in the analyses (Yu et al. 2006; Malosetti et al. 2007).
Information on relatedness in a set of genotypes, for which the origin is unknown,
can be obtained using similarity estimates and genetic distances. Molecular markers
can be used to generate data that reflect DNA sequence differences between
genotypes (Yu et al. 2006). Detailed pedigree information, when available, can
provide a measure for relatedness as well. Classical genetic estimates of the
coefficient of coancestry (CoC) (Falconer and Mackay 1996) can be obtained from
pedigree analysis and may provide alternative or additional measures that quantify
relatedness among genotypes. Pedigree-derived matrices of relatedness estimates can
thus be used in association or LD mapping analyses (Simko et al. 2004).
Another application of pedigree information is to assign names to resistance genes
and to trace down their identity. The following example on Potato virus Y (PVY)
resistance genes is derived from the thesis work by Song (Song 2004; Song et al.
2005). Initially, three virus resistance genes were mapped on potato chromosome 11.
These were Rysto (Brigneti et al. 1997), Ryadg (Hämäläinen et al. 1997) and Raadg
(Hämäläinen et al. 1998). The position of Rysto was verified and assigned to potato
chromosome 12, where pedigree information provided additional evidence for being
identical-by-descent in various German cultivars (Song 2004; Song et al. 2005). The
Ry-fsto gene (Flis et al. 2005) must be identical to the Rysto gene (Song 2004) because
of the similar set of potato cultivars studied and carrying the resistance gene. The
resistant parent I-1039 used by Brigneti et al. (1997) has Solanum phureja and S.
edinense in its pedigree. Recently, another PVY resistance gene, Rychc, was mapped
to the distal end of potato chromosome 9 (Sato et al. 2006). This example shows the
joint relevance of pedigree information and map position to identify and assign the
correct locus name and to differentiate between various loci with indistinguishable
phenotypes.
Pedigree information is also highly relevant for understanding the differential
interactions between potato genotypes and their pathogens. Wart-disease pathotypes,
for example, are characterized using many and different potato cultivars. Each
country uses a different set of differentials (Baayen et al. 2006). Closer inspection of
the relatedness of these differentials through pedigree information reveals a
tremendous redundancy in this list, with full sibs or straight descendants that pass
on the same resistance from, for example, cv. Jubel (1908), to cv. Hindenburg
(1916), to cv. Aquila (1942), to cv. Schwalbe (1956), which is illustrated in Fig. 1.
Although pedigree information can be considered static, there is often no central
repository available. Plant breeders and researchers usually record the breeding
history of their material, but availability of this information is in general limited.
Agencies involved in cultivar testing for admission to national lists record the
parentage of genotypes, but only for the small subset of genotypes submitted as new
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cultivars. Nevertheless, if the records of these agencies are public, they can be a
good starting point when hunting for more information on the breeding history of
cultivars. In general, we can state that the collection and update of a more complete
set of pedigree data from dispersed sources is not an easy task. An example of the
construction of a central pedigree database dealing with oat pedigrees was described
by Tinker and Deyl (2005). In this paper, we describe the development, data
collection, curation, and features of a Web-accessible pedigree database for
cultivated potato genotypes.
Materials and Methods
Aim and Sources of Information of the Wageningen University Potato Pedigree
Database
The Wageningen University potato pedigree database aims to contain pedigree
information for all released cultivars worldwide and subsequently all progenitors that
were used to breed these cultivars. The database had its starting point in the
‘Geniteurslijst voor aardappelrassen’ (Hogen-Esch and Zingstra 1954, 1957, 1962,
1969, 1971/1972, 1973/1974; Zingstra and Scheijgrond 1975/1976, 1977/1978,
1979/1980; Zingstra 1981/1982; Joosten and van der Woude, 1985; Joosten 1988,
1991). In addition, pedigree data from several breeding companies were merged, and
this list was further extended using historic books and monographs on potato
cultivation and breeding (e.g., Busch 1889; Salaman 1926; Diehl 1938; Clark and
Lombard 1946; Schick and Klinkowski 1962; Pushkarnath 1964). Often, these
monographs derived their information from early breeders, such as G. Veenhuizen,
W. Richter, and others, printing catalogues or price lists with cultivar names and
descriptions of the most important traits.
SCHWALBE
(1956)
AQUILA
(1942)
((POLANIN x EFXII 2) x JUBEL) x HINDENBURG
(1943)
KONSURAGIS
(1932)
((POLANIN x EFXII 2) x JUBEL)
(1932)
HINDENBURG
(1916)
JUBEL
(1908)
ISMENE
(1903)
JUBEL
(1908)
POLANIN x EFXII 2
(1900)
RAGIS 2458
CARNEA
Fig. 1 Part of the pedigree tree of the potato cultivar Schwalbe, showing the path of descent of wart-
disease resistance
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Over the course of 16 years, the pedigree database was expanded through diligent
study of a wide variety of sources such as breeding records, scientific literature (e.g.,
for many decades the American Potato Journal has published descriptions and
pedigree information of newly released cultivars), Web resources, variety lists,
personal communications, and last but not least, publications of collected pedigree
information (e.g., Swiezynski et al. 1997). In this way, the pedigree database has
grown from an initial modest repository of several hundreds of potato cultivars and
progenitors to a large data set containing pedigree and breeder details of over 7,000
potato genotypes from as many countries as possible. Additionally, a separate
unpublished database records pedigree information for prebreeding material,
progenitors, and unreleased breeding genotypes. Once genotypes from this second
data set are commercially released as cultivars (or occur in their pedigree), data are
added to the published cultivar pedigree database.
Name Uniformity and Ambiguities
In addition to the collection of data, great care was taken to correct errors and
standardize pedigree data as much as possible. When different pedigree data for the
same genotype are found, all acceptable possibilities are listed. The occurrence of
synonyms (e.g., cv. Eersteling for cv. Duke of York, cv. Palogan for cv. Allerfrüheste
Gelbe, cv. President for cv. Paul Kruger) and differences in the reproduction of
unusual characters from non-Roman languages are addressed. Translation of Russian
cultivar names from Cyrillic script, for example, will easily introduce the ambiguity
of the letters v and w in Roman script. Finally, we corrected for typing or writing
errors that caused identical cultivars to be represented by different names. More
problematic are cases in which an existing cultivar name was reused one or more
times. This occurred in general because breeders were not aware the name was
already used or in use, but more recently, predominantly German breeders have been
fond of reusing names of old and famous cultivars (e.g., cv. Pepo, cv. Deodara). To
illustrate this problem, we show in Table 1 all known pedigree information of the
cultivar Alma. There is no real solution to the ambiguity created by reusing cultivar
names, but in many cases, the context in which a cultivar name is used can still
provide sufficient leads for an “educated guess” on which of the homonymous
cultivars is most plausible. When breeder codes of released cultivars show up in
pedigree data they are replaced, if possible, by the cultivar name. The breeder codes
of cultivars remain stored in one of the database fields.
Table 1 Overview of all pedigree information available in the database for cv. Alma. This example
illustrates the ambiguity present in collected pedigree information, which may partially be resolved by not
only taking into account a cultivar’s name but also the year of release and geographic origin
Cultivar Year of release Country of origin Pedigree
Alma 1904 Germany Early Sunrise × Erste Von Fromsdorf
Alma 1928 Netherlands Excellent × Preferent
Alma 1978 Czechoslovakia Oda × Schwalbe
Alma 1984 Austria SL 63/63×368/61
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Data Accessibility and Presentation
Until 2001, the potato pedigree database was not accessible to a wider public. On
request, individual records were extracted and details provided via direct personal
contact, but the impact remained limited. In 2001, the Laboratory of Plant Breeding
of Wageningen University decided to make the pedigree data (at that time containing
close to 6,000 genotypes) available via its Web site. A first Web interface was
created in that same year. This interface provided basic look-up and search
functionality on (part of) a cultivar name. In addition to the search for cultivar
progenitors, this online database was extended with a search for offspring of
cultivars. Query results consisted of the direct parentage of a genotype and, where
possible, individual progenitors were presented with a direct hyperlink to a search
for their pedigree.
The Peditree software (van Berloo and Hutten 2005) allowed us to produce static
pedigree images of pedigree trees for genotypes in the database. From 2003 on, links
were provided to these images as part of the query results. Due to the ambiguity
present in the database, genotype names could not be used as unique identifiers, so
anonymous identification (ID) numbers were used instead. As a result, for each
(yearly) database update, all static pedigree images had to be redone. As this is a
very cumbersome and time-consuming exercise, availability of pedigree images kept
lagging behind database contents.
A solution to this problem was found in the creation of more advanced scripts for
database querying. The scripting language PHP (http://www.php.net) was used to
implement algorithms, which recursively query the database (up to a certain
predefined depth) and dynamically create a conventional pedigree-tree diagram. The
main advantage of this solution is the flexibility with regard to data updates and
additions. Any change in the data is instantly reflected in the pedigree images.
Furthermore, by creating images at the moment a query is performed, we are able to
add navigational layers on top of the image that thus allow further “point-and-click”
questioning of the database. The 2007 database update was used to launch the new
potato pedigree database Web site, which includes these new PHP scripts for the
dynamic creation of pedigree images.
Results
Database Development over Time
Approximately 16 years ago, the pedigree database started with pedigree data on
1,600 genotypes. Since then, the amount of available information has grown
considerably, reaching 7,353 genotypes in July 2007. Database expansion can be
read from Fig. 2, which shows the number of genotypes with pedigree information
in the database since 1991. On average, the database growth amounts to 350
genotypes with pedigree details each year. Part of this growth is related to newly
released cultivars, but the majority of data additions stem from other resources and
lead to further clarifications of pedigree data on older cultivars for which no data had
been available before.
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Origin of the Pedigree Records
In the early days, the potato pedigree database mainly contained pedigree records on
cultivars developed in the Netherlands. But over the years, records from other
countries were added in large numbers. Currently, the database contains pedigree
data on genotypes that originate from 68 countries. Table 2 gives an overview of the
countries with the largest contribution of genotypes to the pedigree database today.
The Netherlands are still the largest contributor of genotypes with known pedigree
data, but many other counties with important potato resources are also very well
represented.
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Fig. 2 Growth of the number of genotypes with pedigree data in the database over time
Table 2 Top-ten list of countries of origin with regard to number of genotypes with pedigree information
in the pedigree database
Country Number of cultivars in the database
The Netherlands 1,501
Germany (incl. former BRD and DDR) 1,233
USA 1,040
United Kingdom 697
Russia and former Soviet Union 465
Poland 363
France 244
Czech Rep., Slovakia + former Czechoslovakia 148
Canada 142
Japan 128
58 other countries or unknown origin 1,357
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For most cultivars in the database, a year of release is known. The oldest dated
entry is cv. Bremerroode, which is dated before 1770 and which is close to the
first descriptions of potato as a cultivated crop (Salaman 1949). We aggregated
the data in the database based on the year of cultivar release. An overview of all
4,532 cultivars with information on their year of release is given in Table 3.
Most cultivars date from the second half of the twentieth century, which can partly
be explained by the better availability and accessibility of breeding records, but
above all, it reflects the increased efforts in potato breeding over the last 50–
60 years.
At the time of writing, the database contained sufficient data to allow retrieval of
pedigree records that go up to 20 generations deep in at least one of the branches
(e.g., the 2004 cv. Biogold). Such large pedigrees then contain several hundreds of
unique ancestors.
Pedigree Database Web Interface
Version 1 of the Online Potato Pedigree Database
The first Web-accessible potato pedigree database was made public in 2001 via the
URL: http://www.dpw.wau.nl/pv/query.asp. This Web site has seen a steady increase
in popularity since it was launched. The growth in the number of queries over time is
shown in Fig. 3. We can roughly observe a linear trend, although the trend appears to
reach a plateau in 2005. We think, however, that the slightly reduced number of
queries in 2006 is only a temporary effect, caused by the redesign of the Wageningen
University Web site in January 2006, which caused reduced visibility of the Web site
of the Laboratory of Plant Breeding for some time. Also, recent visitor counts (up to
July 2007) show a clear growth of interest.
Version 2 of the Online Potato Pedigree Database
Interest in the database assured us that the resource served a need. We also made
progress in software and data-mining algorithm development in a related project
(van Berloo and Hutten 2005). Furthermore, we faced an expected discontinuation of
the existing Web server that hosted version 1 of the database. These elements together
Table 3 Distribution of cultivars present in the potato pedigree database with regard to the year of release
Time period Number of genotypes in the database
< 1800 4
1800–1825 10
1825–1850 16
1850–1875 87
1875–1900 368
1900–1925 310
1925–1950 528
1950–1975 1,147
1975–2000 1,763
>2000 299
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sparked the idea to relaunch this data resource using a new and improved interface for
providing access to the potato pedigree data. In January 2007, a new and updated
database was launched at a new URL: http://potatodbase.dpw.wau.nl/potatopedigree
using a new and more versatile server platform that allows the use of custom server-
side scripts. Through the use of such scripts, search results may be processed and
used for further data queries before they are presented to the user. The default output
still presents the direct parentage of genotypes, but also presents a link to a more
advanced script that will initiate a recursive search for the ancestry of the parents
that are found and of grandparent ancestry, etc., up to a predefined generation from
the original cultivar for which the database was queried. The script then returns a
graphical representation of a conventional, branched pedigree scheme containing
parents, grandparents, etc., as “nodes” in the tree diagram. Web technology allows
the script to provide direct links from nodes (parents) present on these pedigree
images to a search on more details regarding these nodes, and thus creates an
interactive and fast way to further explore search results visible in the diagram. An
example of the output generated by the recursive search algorithm is shown in
Fig. 4, which presents the pedigree (up to five generations deep) for the newly
released cultivar Citadel. The full pedigree of cv. Citadel has branches that go 19
generations deep.
The visualization script that underlies these images also tries to deal with
ambiguities that are present in the data because of different genotypes that were
given the same name. In the case of an ambiguity, a simple test on the year of
release may rule out some of the possibilities, as an ancestor has to be older than
any of its children (there may be exceptions when a genotype that has been used
Fig. 3 Number of queries recorded for the online potato pedigree database over the last 6 years; 2007 data
are a projection based on 6 months of visit statistics
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as progenitor is released many years later, e.g., cv. Deltagold). If an ambiguity still
cannot be resolved in this way, an arbitrary choice is made between the possible
options, but the ambiguous ancestor is clearly marked in the diagram using a
deviating color. The visualization script also provides parsing of special parentage
compositions such as “mutant of X” or “synonym of Y,” etc. In these cases, the
recursive search will continue with the search for the parentage of X and Y,
respectively.
In addition to the simple search option, which takes only a genotype name as a
key for searching, the potato pedigree Web site also provides a more advanced
search option that allows users to search for (parts of) a name, country of origin,
breeder, year of release, or a combination of these factors. This allows users to limit
their search to specific subsets. Similarly to the simple search, the advanced search
results provide links to a (backward) progeny search (reporting all genotypes that
have in their pedigree the requested genotype as a parent) and to external resources
at http://www.europotato.org with more information on phenotypic data. Fig. 5
shows an example of the report that resulted from an advanced search. In this
Fig. 4 Example pedigree diagram created within the pedigree database Web interface. In this example, a
five-generation-deep pedigree diagram was requested for the recently released cultivar Citadel (2007).
When known, the year of release of a cultivar/genotype is shown in brackets. When viewed online, these
diagrams provide (point-and-click) links from cultivar names to further pedigree searches
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example, a report was retrieved of all cultivars with data in the pedigree database
that were released in 2003, 2004, and 2005.
Discussion
A central repository that focuses on potato pedigree information can be a valuable
resource for anyone working in potato breeding or research. In this paper, we
discussed the origin, data sources, and dissemination means of the potato pedigree
database that was created over the course of 16 years. We have chosen to represent
in this database only genotypes that have been released on the market as potato
cultivars and any genotype that was used in the creation of such a cultivar. By not
yet including other information on breeding lines and germplasm under
development, we try to reduce the number of “orphans” (database entries that
are unrelated to all other entries) and avoid “pollution” of the database with
nonrelevant data.
Fig. 5 Part of a search report retrieved by performing an advanced search for all cultivars released
between 2003 and 2005. The NAME column of this report contains direct links to (from left to right): a a
search for offspring of the reported cultivar, b more information and phenotypic data at the URL http://
www.europotato.org, and c a dynamically created pedigree image. Clicking on column headers sorts the
report on the selected field
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But can we be confident about data accuracy? First of all, we rely on the
information provided by others, and cannot verify the administration of the breeders.
Different sources of pedigree data sometimes report cultivars under slightly different
names (spelling, translation) or report conflicting parental compositions. Inadvertent
errors in pollination, seed harvest, or labeling may have yielded errors as well. The
only argument we can offer is our 25 years of experience in evaluating source
information that allows us to recognize and take care of typing errors, synonymous
names, and breeder codes, for instance, by going back to the original or oldest
information sources when this is possible, or by applying majority voting. We hope
that increased efforts in the molecular genotyping of cultivars—for instance, by
contemporary genomics projects—as well as increased phenotyping will shed more
light on pedigree relationships and confirm existing data.
The problems originating from the existence of identically named entries in the
database were already discussed. Different genotypes that are known under the same
name may cause annoying (and expensive) problems of misunderstanding and
miscommunication, even in current plant-breeding efforts. It is therefore highly
recommended to check for the existence of a name before it is used to name a new
cultivar. A central and easily searchable database, as described in this paper, may
provide an additional valuable tool to check for the existence of cultivar names.
With this publication, we also invite breeders from any country to communicate
pedigree information or to send their brochures to the corresponding author.
Idealistically, we hope to receive an update with every newly released cultivar.
Especially for pedigree information on progenitor lines, the current “dead ends,”
we rely on breeders willing to share the archives of their company or research
institute.
Availability
The online potato pedigree database is a free Web resource. Users of this data
resource are encouraged to quote this paper as a reference in any publication that
describes work that has benefited from the existence of these data. The online potato
pedigree database version 1 is still available at http://www.dpw.wau.nl/pv/query.asp
Version 2 is available at http://potatodbase.dpw.wau.nl/potatopedigree We are
working on a new Web site and server that will also contain (a copy of) this
database at http://www.plantbreeding.wur.nl
Conclusions
With the accumulation of potato pedigree data, and by providing access to these
data in a versatile form over the Internet, the Laboratory of Plant Breeding of
Wageningen University has provided the potato community with a valuable and
useful resource. This resource will continue to be extended and updated on a
regular basis. The authors would greatly appreciate communication of pedigree
information on progenitors and cultivars that is lacking or erroneous in the
database.
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